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^ (g) Thin film transistor circuit and its manufacturing. 
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(g) A method of making a thin film transistor circuit wherein the method includes at least one step of a 
printing process for preparing ink patterns to define the area to be affected by the application of an 
etching process. 

The invention relates also to a thin film transistor circuit obtained accordingly. 
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Field of the Invention 

This invention relates to a method of manufactur- 
ing extensive thin film transistor circuits on a large 
piece of glass plate and to the circuits made by the 
process. 

Background of the Invention 

There are a variety of known methods for driving 
liquid crystal display elements, but in recent years, a 
method called active matrix method has been gaining 
attention. This method utilizes a glass plate (base) on 
which to fabricate thin film transistor circuits contain- 
ing a matrix of non-linear devices (such as diodes) 
and switching devices (such as transistors) to operate 
display devices such as liquid crystal displays which 
consist of numerous picture elements. 

This type of technology is explained in detail in 
"Liquid Crystal Television Display: Principles and 
Applications of Liquid Crystals" (KTK Scientific 
Publishers, Chapter 7, pp21 1-277, 1987). 

Figure 6 is an equivalent circuit of active matrix 
driven liquid crystal display system, using thin film 
transistor 20 as the switching device. Figure 6 shows 
a picture element (hereinafter referred to as a pixel), 
to consist of a liquid crystal cell 23 and a thin film tran- 
sistor 20 which drives the cell, it also shows that the 
pixel is electrically connected in a matrix to a scanning 
line 21 and a signal line 22. 

Figure 7 shows an example of a thin film transistor 
architecture. It comprises a polysilicon layer 31, a 
source 32, a drain 33, a gate 34, gate insulation 35, 
metal electrodes 36 for wiring contact, access holes 
37 for wiring connections, a glass base 38. Wiring 
connections from the metal electrodes 36 are made to 
appropriate scanning lines 21 and signal lines 22 as 
shown in Figure 6. 

Small-screen TVs and I/O devices for office auto- 
mation equipment require active matrix-driven display 
equipment having pixel sizes as small as several tens 
of micro meters square, creating a need for fine tran- 
sistor circuit sizes in the range of several to several 
tens of micro meters. 

Such fine patterns are presently produced by a 
photolithography method involving photomask pat- 
tern exposure to a source of light. This method utilizes 
mirror-projection orstep-and-repeat exposure techni- 
ques on a photographic glass plate of about 300-400 
mm square. The technique is capable of producing a 
resolution of 3-4 jam, an alignment precision of ±1 um, 
and a processing throughput speed of several 
minutes per one glass plate. 

In recent years, demands have been increasing 
for realization of meter-sized screens, coming mainly 
from high capacity, large screen display panel typified 
by HDTVs. In order to achieve such a technology, it 
is necessary for the matrix to drive over one thousand 



lines o. both scanning lines 21 and signal lines 22, 
shown in Figure 6, connected to over several million 
pixels. Commercial production of such a display 
screen would have to provide a highly advanced 
5 technology of microcircuit printing technique, able to 
resolve several micrometers to several tens of micro- 
meters of pixels on a glass plate of over one meter 
size and having a throughput speed of several million 
transistors. 

10 However, the existing capability of photo-expos- 

ure equipment is limited to about 100 150 mm square 
of exposure area at one time because of the limi- 
tations in the resolving power of the present light opti- 
cal system. To prepare large size screens by this 

15 technique requires exposures of small area at a time 
to be repeated over the large glass surface. Conse- 
quently, it requires highly accurate alignment. 

In practice, preparation of micro-patterns on a 
meter sized screen requires dividing the picture area 

20 into about one hundred units, and repeating the pro- 
cess of moving, stopping and exposing at each unit 
area. Consequently, the throughput speed per glass 
base becomes several tens of minutes per cycle. This 
is a serious barrier to realization of a commercial large 

25 screen display technology and the development of 
efficient production technology. 

Further, such a procedure calls for precision 
alignment at each exposure, which needs to be main- 
tained over the entire large area. It is extremely dif- 

30 ficult to hold an alignment precision of ±1 jam over a 
meter sized screen, and the consequent imaging 
defects produced by misalignment have been a seri- 
ous deficiency of the existing technology of producing 
large screen displays. 

35 

Summary of the present Invention 

The purpose of the present invention is to present 
a cost-efficient production method of making micro- 

40 patterns of thin film transistor matrix circuits on a me- 
ter-sized glass plate. 

The present invention presents a method of mak- 
ing thin film transistor circuits involving at least one 
printing of ink patterns for use in subsequent etching. 

45 Another aspect of this invention presents a 

method of printing micro-circuit patterns on the sur- 
face of photo-resist film laid on a surface to be etched 
(hereinafter referred to as the etch removal surface or 
area). 

so Still another aspect of this invention presents a 

method of printing micro-circuit patterns on the sur- 
face of negative-type photo-resist film, when the area 
to be fabricated (hereinafter referred as fabrication 
area) is less than the etch removal area. 

55 Further aspect of this invention presents a thin 

film transistor circuit wherein the minimum fabricable 
dimension is represented by the length of the gate ele- 
ment, and wherein the distance between the access 
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hole and the gate element is not less than the limit of 
alignment precision. 

An aspect of this invention is to produce a large 
area ink pattern in one printing, thus achieving cost- 
effective production of active-matrix driven large 
screen display panel. Further, by precoating the base 
with the photo-resist material used in conventional 
method of photolithography, it is possible to prevent 
contaminating semiconductor or metallic thin films 
with impurities from the printing ink. Further, in a 
staggered transistor architecture, the adoption of the 
gate length as the smallest fabricable dimension 
achievable by this printing method, when combined 
with the ion implantation technique, minimizes the for- 
mation of potential parasitic material around each 
transistor element, thereby providing a large screen 
display panel having high speed response capability. 

Further, the adoption of the separation distance 
between the access hole and the gate element to be 
not less than the limit of alignment precision prevents 
shorting of metal electrodes with the gate element, 
thus minimizing imaging defects to provide a large 
screen display panel of high picture quality. 

In a summarizing aspect of this invention, the 
invented method permits efficient production of a 
plurality of matrix circuits on a large area base, con- 
sisting of thin film transistors having high response 
speed and low defect density. Accordingly, the inven- 
ted method allows cost-effective production of large 
screen display devices made of an active-matrix dri- 
ven liquid crystal panel. 

Thin film transistor circuits referred to in this 
invention comprise a base material such as glass, thin 
film transistors fabricated thereon, scanning lines and 
signal lines electrically connected to appropriate cir- 
cuit elements, such as electrodes, condensers and 
resistors. 

Brief Description of Drawings 

Figure 1 is a schematic drawing illustrating the 
basic processing steps of the invented printing pro- 
cess. 

Figure 2 is an oblique view of an example of the 
manufacturing process. 

Figure 3 is a schematic drawing illustrating the 
steps of forming a transistor architecture. 

Figure 4 is a schematic drawing illustrating 
another processing steps of the manufacturing pro- 
cess. 

Figure 5 is a cross sectional view illustrating the 
architectural elements of an example device. 

Figure 6 is an equivalent circuit of an active matrix 
driven liquid crystal display circuit made of thin film 
transistor elements. 

Figure 7 is a cross sectional view illustrating the 
architectural elements of an example thin film device 
made by the method of the present invention. 



Detailed Description of the Preferred Embodiments 
Preferred Embodiment No.1 

5 Figure 1 illustrates a first preferred embodiment 

of this invention. This is an example of utilizing the 
intaglio method of printing. An intaglio plate 1 1 con- 
taining the patterns is produced by etching away the 
patterns, for example, to form grooves which are to be 

10 filled with printing ink. After filling the grooves with ink, 
the excess ink is wiped away with a doctor blade 1 3, 
as illustrated in Figure 1 (a). Next, the transfer roll 14 
is rolled across the intaglio plate 11 as shown in Fig- 
ure 1 (b), by which action the patterns on the plate 1 1 

15 are transferred to the transfer roll 14 as illustrated in 
Figure 1 (c). The transfer roll 14 is rolled as shown in 
Figure 1 (d) over the surface of a base 15, which has 
a fabricating film layer 16 made of Si, Al or Si0 2 , dur- 
ing which time the ink patterns on the transfer roll 14 

20 are transferred again onto the surface of fabricating 
film layer 1 6 as illustrated in Figure 1 (e). The fabricat- 
ing film layer 16 is subjected to either wet or dry etch- 
ing to fabricate the appropriate patterns on the base. 
By following the steps as illustrated in these figures, 

25 it is possible to cost-effectively produce circuit ele- 
ments for driving large screen display devices. 

The production line shown in Figure 2 consists of 
a plate cylinder 41, a transfer cylinder 42, a constant 
speed belt 43 which transports glass bases 44 at suit- 

30 able intervals so as to produce patterned glass plates 
on a continuous basis. 

The printing ink used here is of the type to with- 
stand etching attachs, but it is equally important that 
the ink be free of impurities which may contaminate 

35 the fabricating film layer 16. 

The above case provided an example of a single- 
step processing of circuit patterns by etching process, 
but typical thin film device circuits require from four to 
upper teens processing steps. For example, to make 

40 the architecture shown in Figure 3 (d), it is necessary 
tocarry out four patterning steps as shown in Figure 3 
flow sheet. First, a layer of polysilicon 52 is deposited 
to a thickness of about 0.1 u.m on the surface of a 
glass base 51. 

45 The first patterning is carried out at this stage to 

define the outer boundary of the circuit by using the 
invented process. Figure 3 (a) shows the completion 
of this stage. Next two deposition steps are carried out 
in succession, consisting of a 0.1 urn layer of Si0 2 for 

so gate insulation 53, followed by a 0.1 u.m layer of 
polysilicon for gate electrodes 54. Patterning step No. 

2, according to the invented printing process, is car- 
ried out at this stage as shown in Figure 3 (b), followed 
by ion implantation to produce n + regions. The surface 

55 is covered with an insulation layer 55 composed of 
SiO 2 of about 0.3 urn thickness. Patterning step No. 

3, shown in Figure 3 (c), involves printing of access 
hole 56 patterns for accessing source and drain con- 
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tact wires. The final patterning step No. 4 and the 
printing of electrode 56 patterns complete the process 
to produce the final configuration of a transistor 
architecture shown in Figure 3 (d). 

Further processing involves depositing of a trans- 
parent electrode film, such as indium tin oxide (ITO) 
on the device surface, and such a coated glass base 
combined with an opposing glass plate equipped with 
color filters completes a large screen display device. 
Finally, the thin space between the two plates is filled 
with liquid crystal to produce a large area liquid crystal 
display panel. 

Preferred Embodiment No. 2. 

This case is an example of applying a coating of 
photo-resist film on the fabricating film layer before 
the process of pattern printing. The processing steps 
are explained in reference to Figure 4. 

Figure 4 (a) shows a glass base 61 having a top 
fabricating film layer of polysilicon 62 of about 0.1 urn 
thickness. A 1 u.m thickness film 63 is formed on the 
top surface of the layer with a positive type photo-res- 
ist (OFPR-800 30 CP, Tokyo Ooka). 

Pattern printing is carried out as described in Pre- 
ferred Embodiment No. 1 using an ink 64. This ink is 
a special purpose ink composed of carbon black blen- 
ded in a melamin-base thermosetting resin having UV 
blocking ability. This intermediate stage of processing 
is shown in Figure 4 (b). 

The printed surface is exposed to UV radiation 
from an ultra-high pressure Hg lamp, and is photo- 
graphically developed to produce a structure shown in 
Figure 4 (c). 

The next processing step consists of dry gas 
etching, with CF 4 containing 3% O z , to remove the ink 
layer 64, the photo-resist layer 63 and the polysilicon 
layer 62 to obtain the completed architecture shown 
in Figure 4 (d). 

The type of steps described above may be 
repeated several times according to the procedure 
described in Preferred Embodiment No. 1 to produce 
any desired architecture. 

Further, there are two types of photo-resist mate- 
rials available commercially: positive and negative 
types. It is preferable to use the negative type when 
the ratio of the fabrication area to the overall etch 
removal area is extremely small, for example, if the 
overall etch removal area is taken as 100, the fabri- 
cation area is 20 or preferably not more than 10, in 
other word, the percentage of the fabrication area is 
not more than 20% and preferably not more than 10% 
of the etch removal area. This choice is made to les- 
sen the generation of processing defects. 

The inventors have confirmed through the per- 
formance of thin film transistor devices that high qual- 
ity thin film transistors, having the minimum width 
separation capability of 10 urn, can be produced by 



using the invented printing process. 

In this case, since the printing ink does not touch 
the active component layers directly, there is no 
danger of contaminating the active component layers. 

5 

Preferred Embodiment No. 3 

This is a case of utilizing screening printing. The 
polysilicon layer on top of the glass base was coated 
10 with a positive type photo-resist solution (MP1400) 
available from Shipley Co. by means of a spin coater. 
After prebaking (90°C, 30 min), the film thickness was 
0.9 urn. The printing screen was a metallized screen, 
made by Rihneke Co. Model 230-85B), on which was 
15 printed the required circuit pattern. The stencil was 
made of a nickel foil of 5 \im thickness, which was 
etched to produce openings corresponding to a posi- 
tive copy of the desired circuit pattern. The etched 
nickel foil was attached to a strip material by bonding 
20 to form a stencil mesh with an intervening polyester 
mesh. This screen is known as a combination type 
suspended metal screen. 

The printing machine was Newlong Co. Model 
1 5GT, and the printing ink was Toyo Ink Co Solderex 
25 K-1000. The printing conditions were: printing speed 
300 mm/s, air pressure of 3.3 Kg/cm 2 , the distance of 
1.8 mm between the strip and the printing surface, 
hardness of squeegee 75 and its application angle 
75°. After the drying process, printing was carried out 
30 using the above conditions, and the printed base was 
exposed to UV radiation, developed and washed to 
dissolve unexposed ink. The final step in a patterning 
cycle was post baking at 50°C for 20 min. 

The patterning of polysilicon layer is completed 
35 when the etching step has been carried out on the pat- 
terned photo-resist surface. Repeating this cycle of 
steps using a number of different patterns results in 
the production of a desired device architecture as 
described in the preferred embodiments. 
40 Compared with the depressed surface offset 

printing process, screen printing process generates 
distinctively lesser number of pinhole defects in the 
photo-resist patterns. However, the depressed sur- 
face offset printing process is experimentally proven 
45 to be superior in the accuracy of pattern reproduction. 

Preferred Embodiment No. 4 

This case describes the thin film circuits pro- 
so duced by the above described screen printing pro- 
cess. In general, the line width achievable by printing 
patterning process is necessarily broader than that 
achievable by conventional photolithography. For 
example, the minimum line width achievable by the 
55 depressed surface offset printing process has been 
determined by the inventors to be around 10 urn. 
Further, the alignment precision is correspondingly 
less in this printing process as compared with the tra- 
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citional photolithography method. For example, 
according to inventors' tests, the alignment precision 
was around 20 jam. These deficiencies were corrected 
by devising an appropriate structural layout which 
compensated for these deficiencies to provide excel- 
lent device performance. 

In Figure 5 is shown a circuit which is the same 
as that shown earlier in Figure 3 (d). In Figure 5, the 
gate length is denoted by d G and the separation dist- 
ance between the gate and the access hole is 
denoted by d c . The inventors have designed this 
structure according to the maximum achievable resol- 
ution of 10 jim, and in combination with ion implan- 
tation method for fabricating the source and drain 
structures, it was possible to minimize the formation 
of parasitic electrostatic capacitance. The inventors 
were also able to prevent shorting between the wiring 
electrodes by choosing the distance d c to equal the 
maximum aligning accuracy which was 20 um. 

By choosing the structural layout as shown, it 
becomes possible to realize meter sized liquid crystal 
display panels made of defect-free thin film transis- 
torized circuit. 



Claims 

1. A method of making a thin film transistor circuit 
wherein the method includes at least one step of 
a printing process for preparing ink patterns to 
define the area to be affected by the application 
of an etching process 

2. The method of making a thin film transistor circuit 
according to Claim 1, wherein said printing pro- 
cess is carried out on a film of photo-resistive ma- 
terial applied on the surface to be etched. 

3. The method of making a thin film transistor circuit 
according to Claim 2, wherein said printing pro- 
cess is carried out in conjunction with a negative- 
type photomask in a case wherein the area to be 
affected by etching is larger than the area unaf- 
fected. 

4. The method of making a thin film transistor circuit 
according to one of Claims 1 and 3, wherein said 
printing process is an depressed surface offset 
printing method. 

5. The method of making a thin film transistor circuit 
according to one of Claims 1 and 3, wherein said 
printing process is a screen printing method. 

6. A thin film transistor circuit wherein the minimum 
gate length is equal to a smallest dimension 
achievable by a screen offset printing technique, 
and wherein the smallest separation distance be- 



tween two access holes is not less than the align- 
ment capability achievable by said screen print- 
ing technique. 

5 7. A thin film transistor circuit according to Claim 6, 
wherein said gate dimension is approximately 10 
u.m and said separation distance between two 
access holes is not less than 20 jim. 

10 
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